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High Pressure Differential Thermal Analysis of
Ultra-pure Unsaturated Fatty Acids
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The effect of hydrostatic Pressure on the polymorphic transformation and melting of
cis-unsaturated fatty acids, palmitoleic acid(POA), oleic acid(OA), asclepic acid(APA), petroselinic

acid(PSA) and erucic acid(EA), were investigated by means of a high-pressure differential thermal

analysis.

increased, which is the same tendency as the high pressure phase of polyethylene.

The temperature range of o form of OA and POA becomes wider as the pressure is

On the contrary,

those of o, form of EA and high pressure crystallized o, form of APA are narrowed by increasing

pressure.

This is similar trend to the hexagonal (rotator)phase of n-alkane.

The values of AV on

melting and conformational order-disorder transitions of ® chain were estimated from the

Clausius-Clapeyron equation.

The AV on y-a transitions for POA, OA, and APA are almost the

same(5.6-5.9 cm’/mol), but that on ;-0 transition for EA is larger than those for the former acids.

New polymorphs were formed for APA by the melt-crystallizatoin under high pressure above about

110MPa.
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Fig.1 Molecular structure of cis-unsaturated fatty acid

(oleic acid).

Table 1 cis-Unsaturated fatty acids

Number of Number of
Nlémbber of Double Carbon Atoms Carbon Atoms
Az:r on Bond in in
oms ®-Chain A-Chain
Palmitoleic Acid(POA) 16 1 7 9
Oleic Acid(OA) 18 1 9 9
Asclepic Acid(APA) 18 1 7 11
Petroselinic Acid(PSA) i8 1 12 6
Erucic Acid(EA) 22 1 9 13
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Fig.2 DSC thermogram of cooling and subsequent

heating of oleic acidV.

Table 2 Values of transformation temperatures, T, their
pressure coefficients, d7/dp, and thermodynamic
parameters for polymorphic transformation and

melting of cis-unsaturated fatty acids at
atmospheric pressure.
T dT/dp AV AH
(C) (K/MPa) (cm*/mol) (kJ/mol)
Oleic acid
¥-a -2.2 0.182 59 8.76
o-melt 133 0.211 292 39.6
Palmitoleic acid
v-o -18.7 0.190 5.6 7.5
o-melt 2.0 0202 236 321
Erucic acid
Y- 9.0 0.239 7.5 8.9
o, -melt 34.0 0212 353 51.0
Petroselinic acid
HM-melt 30.5 0.231 362 47.5
Asclepic acid
¥-o -15.0 0.175 5.3 7.8
o-o’ ~1.4 0.127 0.3 0.7
o-melt 13.8 0.204 28.3 39.8
Yo% -32.5 0.214 - -
00’ —4.0 0.156 - -
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DSC heating thermogram of asclepic acid®.
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Fig4 Transition circuit of erucic acid.
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Fig.5 DTA heating thermograms obtained by heating
the y-form of palmitoleic acid under various
pressures'®.  Pressures corresponding to two
endothermic peaks are indicated in the figure.
Because the pressurizing system is a closed
system, the pressure increases somewhat with
temperature due to the thermal expansion of the

pressure transmitting fluid.
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Fig.6 Pressure dependence of the Y- transformation
(W) and the a-melt transition (@) temperatures

of palmitoleic acid!®.
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Fig.8 DTA heating thermograms for asclepic acid'").
The samples were crystallized from the melt
under pressure, and then heated at the same
pressure. The pressures(in MPa)at which the
lowermost temperature peak appeared are 11(a),

51(b), 89(c), 111(d), 120(e),135(f),and 185(g).
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pressures(Fig.8), while open symbols were
obtained by heating the samples crystallized at

atmospheric pressure under elevated pressures.
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